Chapter 18, Problem 1.
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Obtain the Fourier transform of the function in Fig. 18.26.

f©

Figure 18.26
For Prob. 18.1.

Chapter 18, Solution 1.

£1(t) = 8(t +2) = 8(t + 1) = S(t — 1)+ 8(t - 2)

joF(o) =e™* —e!® —e @ +¢7°

=2c0s2m—2cos®
2[cos 20 — cos ®]

—¢€

F(o) = :
jo
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Chapter 18, Problem 2.

H
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What is the Fourier transform of the triangular pulse in Fig. 18.27?
f
1

Figure 18.27
For Prob. 18.2.

Chapter 18, Solution 2.
0<t<l1

t,
f(t)= .
0, otherwise

A ) Af "

A 5(6)

t t
-5°(t-1)

0 1
i -5(t-1) 51)
£1(t) = 8(t) - 8(t - 1) - 8'(t - 1)

Taking the Fourier transform gives

-0’F(0) =1 - ¢ - joel®

1+ jo)e!® —1
F(o) = 1+ )2
®

1 .
or F(w)= Lte‘“‘“ dt

ax

But J‘xeaxdx = e—z(ax -D+c¢
a

“jo
F(0) = —— (—jot—D)[)= L+ joke -1]
(- jo) ®
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Chapter 18, Problem 3.
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Calculate the Fourier transform of the signal in Fig. 18.28.

fOA
l —
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Figure 18.28
For Prob. 18.3.
Chapter 18, Solution 3.
1 1
f(t)zEt, -2<t<2, f'(t):E,—2<t<2

—jot

F((,)) = _[_22%1: ejmtdt = e—)z(—_](x)t - 1)‘ %2

2(—jo
_ _ﬁ[e-jm2 (—j02-1) - e (jo2 - 1)
= —% — jco2(e_j“)2 +eI®2 )+ eI®? _ e_j(”z]
2m

= —21 5 (—jw4cos2m+j2sin20))
®

Flo) = % (2wcos2m —sin 2m)
®
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Chapter 18, Problem 4.
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Find the Fourier transform of the waveform shown in Fig. 18.29.

O

2__

Figure 18.29
For Prob. 18.4.
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Chapter 18, Solution 4.

28(t+1)
g
2
_1 R
0 1 t
2
-]
3 -28(t-1)
45(t)
A
28°(t+1)
g95 “
_1 R
0 1 t
“28(t+1) | —2
v ~258(t-1)
228°(t=1)

g"=-20(t+1)+23'(t+1)+45(t) —23(t —1) —28'(t - 1)

(i0)2G(0) = —2e3® + 2jwel® + 4 - 2e 730 —2jpe I

=-4cos®w—4msinw+4

G(w) = iz(cosoo+ wsino-—1)
®
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Chapter 18, Problem 5.
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Obtain the Fourier transform of the signal shown in Fig. 18.30.

h(t) A

14+

Figure 18.30
For Prob. 18.5.

Chapter 18, Solution 5.
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h’(t)
1
| t=
1 0 ]
25(1) |
h”(t)A
A
5(t+1) 1+
1 | -
t
1 0
, (-1
25 ) (1)

h'(t) = 8(t +1) - 8(t —1) - 25'(t)

(j0)?H(o) = e® —e7I° —2jn = 2jsino - 2jo

H(w) = 2) —ﬂsinm
() (D2

Chapter 18, Problem 6.
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Find the Fourier transforms of both functions in Fig. 18.31 on the following page.

f@® A g() 4
10 10

Figure 18.31
For Prob. 18.6.

Chapter 18, Solution 6.
(a) The derivative of f(t) is shown below.
£(t)

58( 8(t-1)

-108(t-2)

f'(t)=50(t)+50(t—-1)—100(t-2)
Taking the Fourier transform of each term,
joF (@) =5+5e" —10e 12*

5+5e—10e %

F(0) =" —
Jo

(b) The derivative of g(t) is shown below.

g
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105(t)

0 1 2
5
-558(t-1)

The second derivative of g(t) is shown below.

g’ (t)

1 105°(1) 58(t-2)
t 2 t
-58°(t-1)
-58(t-1)

g7(t) = 108°(t) — 56’(t—1) — 50(t—1) + 58(t-2)
Take the Fourier transform of each term.
(j0)’G(jo) = 10jo — 5jme ™ — 5¢ 3 + 5¢ 7 which leads to

G(jo) = (<10jo + Sjoe® + 5¢7° — 5¢ )/’

Chapter 18, Problem 7.
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Find the Fourier transforms of the signals in Fig. 18.32.
VAGNY HOA
2 10

(@ (b)

Figure 18.32
For Prob. 18.7.

Chapter 18, Solution 7.
(a) Take the derivative of fi(t) and obtain f;’(t) as shown below.
o(t)

0 1 t

S(t-1)  -8(t-2)
f(t)=25(t)—5'(t—1)—5(t—2)

Take the Fourier transform of each term,

joF (0)=2-¢ 1 —¢ 1>
2—g o _g i

jo

F (o) =

(b) £(t) = 5t

0 2
Fy(0) = | f,(e dt = [ Ste dt = >
—0 0

(-jo)’

e (—jo-1) >
0

-j20

F (o) = >

2
(4]

1+ ja)2)—i2
[0}

Chapter 18, Problem 8.
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Obtain the Fourier transforms of the signals shown in Fig. 18.33.

£
2

g A

Figure 18.33
For Prob. 18.8.

Chapter 18, Solution 8.

1 2
F(o) = j 2e 10t + j (4—2t)e 1Otgt

(a) 0 1
N | 4 et 2 2 . 2
== IOt o +——¢ Joot h -—e IOt (jwt —1) h
—Jo —Jo -
F(w) = —2+.ie_j°) +.i—_ie_jz(D —iz(lJer(o)e_jz(”
0°  Jo Jo Jo ®

(b)  g®=2[u(t*+2)-u(t-2) ] - [u(t+l)—u(t-1)]

4sin2m 3 2sin ®

(o) = ) ®

Chapter 18, Problem 9.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




1
ML

Determine the Fourier transforms of the signals in Fig. 18.34.

y(@®

2

z(t) 4

(b)

Figure 18.34
For Prob. 18.9.

Chapter 18, Solution 9.

(a) y(t) =u(t+2) —u(t-2) +2[ u(t+l) —u(t-1) |

Y(w) = 3sin 20+ isin ®
() ®

1 . I P [0\
(b) Z(0) = [ (-2 I*"dt = 2e”
0

Chapter 18, Problem 10.

————(-jot=1) [ ==~
o2 0= "2 2

2 eI

(1+jo)
® )
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Obtain the Fourier transforms of the signals shown in Fig. 18.35.

x(® ¥()

1 o

(@ (b)

Figure 18.35
For Prob. 18.10.

Chapter 18, Solution 10.
@ x(t)=eu()

X(w)= /(=2 + jw)

e, t>0

®) o :{ t

e, t<O0

~ 0 A _
Y(o)= J._ll y(t)e' dt = J._l e' e’ dt + J:)l e e dt

e(l—jm)t o e—(1+jco)t

= N + ; 0
I-jo -(1+jm)

2 et cosm+jsin0)+cosco—jsin(o
1+ l-jo 1+ jo

2

2
(O]

Y(o0) =

[1 —e ' (cos— msin co)]

Chapter 18, Problem 11.
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Find the Fourier transform of the “sine-wave pulse” shown in Fig. 18.36.

f@

I sin 7rt

1
0 1\/2t

Figure 18.36
For Prob. 18.11.

Chapter 18, Solution 11.

f(t) =sin 7 t [u(t) - u(t - 2)]

F(w) = J.Oz sinmte ™ dt= 2%-[02 (ejTEt —e i )e'j"“ dt

:%_J.Oz(eﬂ(—mﬂt)t +e—j(w+n)t)dt:|

JL
1‘ ‘ 1 oio-mt §+ e._j(w+n)t ‘3
2j| —i(@-m) - J(@+m)

1(1-e ™ 11—
=— +

20 - T+ ®
~ 1

2(n* —»?)

(215 + 27te"j2“’)

F(o) = #(e—jmz ~1)

Chapter 18, Problem 12.
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Find the Fourier transform of the following signals.

(a) f,(t) = e ™ sin(10t)u(t)

(b) f, (t) = e * cos(10t)u(t)

Chapter 18, Solution 12.

10
@ (@)= o7 100
(b) Fy(@)=— 11

4+ jo)” +100

Chapter 18, Problem 13.
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Find the Fourier transform of the following signals:

(a) f(t) = cos(at — z/3), —o0 <t< oo

(b) g(t) =u(t + I)sinrt, —0 <t<

(¢) h(t)= (1 + A sin at) cos bt, —o0 <t < oo, where A, a and b are constants
d)itty=1-t, 0<t<4

Chapter 18, Solution 13.
(a) We know that Ffcosat]=n[d(w—a)+d(w+a)].

Using the time shifting property,

Flcosa(t — 1/3a)] = te ™ 32 [§(w—a) + 8(o +a)] = te ™ 35(w —a) + med™ 35(w + a)

(b) sinm(t+1)=sin7tcosm+ cosmtsin = —sin 7wt
g(t) = -u(t+1) sin (t+1)

1 1

Let x(t) =u(t)sint, then X(w)= = 5
(jo)*+1 l1-o

Using the time shifting property,

. ]
Go) = —— o =

(c) Let y(t)=1+ Asin at, then Y(®)=2nd(®)+ jrA[d(w+2a)—d(mw—a)]
h(t) = y(t) cos bt

Using the modulation property,
H(w) = %[Y((o +b)+Y(o—b)]

H(m):n[&(mb)+5(co—b)]+j“TA[6(m+a+b)—6(m—a+b)+5(m+a—b)—S(m—a—b)]

e—]mt e—_]U)t

. 4 )
(—jot=1) |, =——— — (Ao +1)
|0 032 JO 032

4
(d) H(w) = [~ t)e Iotdt =
0

Chapter 18, Problem 14.
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Find the Fourier transforms of these functions:

(@) f() =e™ cos(3t+ 7 )u(t)

(b) g(t) =sin zt{u(t + 1) —u(t - 1)]
(c) h(t)=e ' cos ztu(t—1)

(d) p(t) = e ' sin 4tu(-t)

() q(t)=4sgn(t—2)+30(t)—2u(t-2)

Chapter 18, Solution 14.
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(a) cos(3t + m) = cos3tcos  —sin 3tsin © = cos 3t(—1) —sin 3t(0) = —cos(3t)
f(t) = —e™" cos3tu(t)
F(o) = —(1+§w)
(1+jo) +9
(b)
A 80

v

™
s

g'(t) =mcosmt[u(t—1)—u(t —1)]

g"(t) = —mg(t) — nd(t +1) + nd(t —1)

- 0’G(0) = -1°G(®) — 1e’® + me ™

(n2 -’ )G((o) =—n(e!” —e) = 2jnsinw
G(o) = 2jmsin®

2
o -1

Alternatively, we compare this with Prob. 17.7

fity=g(t-1)
F(®) = G(w)e”
jo T —jo jo
G(o)=F(w)e™ = ﬁ(e v —e! )
—j2nsin®
T oo
2jmsin ®
G(o) = S8
T —®
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(c) cosm(t—1) = cosmtcos w+ sin wtsin m = cos wt(—1) + sin wt(0) = —cos mt
Let x(t) =e "™ cosn(t —u(t—1) = —e*h(t)
and  y(t)=e ' cos(mt)u(t)

V)= =IO
2+jw) +m

y(t) =x(t=1)

Y(0) = X(0)e ™

X () = (2 + j(o)ej‘”

(2 + jm)2 +7’
X(w) = —e’H(o)
H(o) = —e X ()
—(2+ jo)™?

(2 + joa)2 +m

(d) Let x(t) = e sin(—4t)u(-t) = y(-t)

p(t) = —x(t)
where y(t) =e’'sin4tu(t)
2+jo

Y(o) = 27TI9

() 2+ jo) +47

(e — 2—-jo

X(@)=Y(o) (2-jo) +16
p(0) = —X(0) = 22

(jo—2) +16

) Qo= ie*j“’z +3- 2(718(03) + 'LJerZ
JO JoO

Q(w) = _iej‘”2 +3 - 2nd(w)e
jo

Chapter 18, Problem 15.
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Find the Fourier transforms of the following functions:
@ft)y=56(+3)—o(t-3)

(b) f(t) = j“; 28(t -1)dt

() f(t) = 5 (3t) — 5'(21)

Chapter 18, Solution 15.

(@)  F(o)=e" —e =2jsin30

(b) Let g(t) =28(t—1), G(w) = 9e o

Fo)= F ( [ e dtj

_ 5@ | R 0)5(0)
jo
Qe

+218(~1)3(e)

_ 27
jo
1
(©) F[S(zt)]:E-l
1 l. j
Flo)=—-1-—jo=——*=
(@)=2-1-—jo >

Chapter 18, Problem 16.
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* Determine the Fourier transforms of these functions:

(a) f(t) = 4/t> (b) g(t) = 8/(4 +1*)

* An asterisk indicates a challenging problem.

Chapter 18, Solution 16.

(a) Using duality properly

or — — —4n|o|

) et —s

Chapter 18, Problem 17.
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Find the Fourier transforms of:
(a) cos 2tu(t) (b) sin 10tu(t)

Chapter 18, Solution 17.

(a) Since H(w) = (cos ®,t f(t)) = %[ (03+ 030)+ F(O) , )]
where F(w) = F [u(t)] = 78(0)+ -, @, =2
jo

H(m):% 75 (w+2)+

erd(o_2)s L }

jl0+2) jo-2)
Slo- sl 4] 2]

H(w) = g[S(co+ 2)+8(0-2)

—4
(b) G(w) = F [sino,t f(t)]= %[F((o +a,)-Flo-o,)]
where F(w) = F [u(t)] = Tt8((x))+ J—(D
G((o)z%[nS(w+lO)+ﬁ—n8(m—lO)—m}

_n Y B R
= Tfp(0+10)- (0 10)]+2[®_10 mlo}

10

= Lloo+10)-8(0-10]- =

Chapter 18, Problem 18.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Given that F( @) = F[f(t)], prove the following results, using the definition of Fourier
transform:

(a) F[f(t—t)]=e "™ F(w)
df (t)
(b)F{ dt} oF(w)
(c) FIf(-)] =F(-w)
(@Fﬂmﬂ=1§LFum
(4]

Chapter 18, Solution 18.

(a) F[f(t-t)]= ]O f(t—t )e 'dt

—0

Let t—-t, =4 —— t=A+t, dt=dA

FIft-t)]= T f (ﬂ)e"""le‘j“’tod,z —o- i, F(o)

—00

(b) Giventhat f(t)=F '[F(w)]= %Iw F(w)edw
iy

(1) —‘— j F(w)e/dt = joF '[F(a)]

or

FLT'(D]= joF (o)
(c ) This is a special case of the time scaling property when a =—1. Hence,

HfGU}WJTF(aO F(-o)

d) F(o)= j“; f (t)e I dt

Differentiating both sides respect to ® and multiplying by t yields

dF (w) ot ot
=50 _Jj(Jt)f(t)e dt = jtf(t)e dt

Hence,

i o
(0]

Chapter 18, Problem 19.
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Find the Fourier transform of
f(t)=cos 2 #tlu(t)—u(t—1)]

Chapter 18, Solution 19.

Flo)= J-O;f(t)ej‘Dt dt = %J.; (ejzm +e i )e‘j‘”t dt

Flo)= %Ll [e*j("’”“)t + e ik ]dt

= l ; —j(o+2m)t 1 —jlo—2m)t
2{—j(m+2n)e +—j(oa—27r)e

1

0

1 —j(w+27:) 1 e—j(m—2n) _1
__E{ j(m+2n) " j(0)—21t) }

But e’ =cos2n+ jsin2n=1=¢ """

—ju)_
F(@):—l il 1[ Lo, ]
2 ] o+2n o-2n

- ® j—ozlnz (e—im _1)

Chapter 18, Problem 20.
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(a) Show that a periodic signal with exponential Fourier series

c jnat
- 2.C.e™

N=—0o0
has the Fourier transform
F(o)= Y.c,6(w—naw,)

where w,=27/T.
(b) Find the Fourier transform of the signal in Fig. 18.37.

f@®

1

0 T 27 3w 4w Sw t

Figure 18.37
For Prob. 18.20(b).

Chapter 18, Solution 20.
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(a)  F(cn) = cad(®)

F (cnejnmot ) =c,8(0-now, )

F [ i cnej“‘%tj -y c,8(w-na, )

n=-o

(b) T=2r —> @ =N

1 T —jno, _ 1 T —jnt
c, =¥J; f(t)e” tdt_ﬂ(jo l-e™ dt+0)

_L _Lejnt
2n( jn

But e =cosnn+ jsinnn = cosnm = (—1)"

¢, = [y 1= {o_,j

(|-

 2mn

Bl 2117'[ Pt n=odd,n=0
forn=0
c, = L 1dt = 1
27 90 2
Hence
1 <)
fy=—-> —¢
2 =
n#0
n=odd
F(w) = l80)— i i8(0)—n)
2 e NT
::gdd

Chapter 18, Problem 21.
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Show that

. 2
0 SInaw T
J. do = =
—® aw a

Hint: Use the fact that

Flu(t + a)—u(t—a)] =2a (Sin a“)j .

aw

Chapter 18, Solution 21.

Using Parseval’s theorem,
[ fz(t)dtzijw | F(o) ? do
—0 2md—o

If f(t) =u(t+a) —u(t+a), then

. 2
J-OO fz(t)dt — Ia (1)2 dt = 2a :L.[Oo 4a2 sin am i
- -2 2o

am
or

» (sinao) 4ra T« )
J dow =——=— asrequired.
—o|  am 422 a

Chapter 18, Problem 22.

Prove that if F( ) is the Fourier transform of f(t),

F[f(t)sinw ,t]= = [F(o + ® ,)-F(o — o,)]

N |—

Chapter 18, Solution 22.

jo,t ot )
F[f(t)sinw,t]= j“; f(t)gej—ej)e_“‘“ dt

AT fepyeriomoo g [7 giloroo
= 2—)“_00 £(t)e di-|" e dt

— zlj[F(o)—oao)—F(w‘i‘(Do)]

Chapter 18, Problem 23.
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If the Fourier transform of f(t) is

Flo)= — 9
Q2+ jo)(5+ jo)

determine the transforms of the following:
(a) f(-3t) (b) f(2t—1) (c) f(t)cos2t

(@ <10 @

Chapter 18, Solution 23.

1 10 30

f(3t) leadsto —- -
(@) 1Y leads o <t 3 )5+ j0/3) (64 jol15+ jo)
30

(6 jo)15- jo)

F[f(-3t)]=

1 10 20

b) f(2t)—> —- =

(b) %20 2 2+jw/2)15+j0/2) (4+jo)10+jo)
20e 772

4+ jo)(10 + jo)

f2t-1) = £ [2(t-1/2)] —>

(c) f(t) cos 2t —» %F((D+ 2)+%F(w+2)

_ 5 5
" Rrile+ )5+ j0+2)] 2+ jo-25+i@-2]

jol0
2+ jo)5+ jo)

(d) F ['(t)] = joF(o) = (

(e) jw f(t)dt —> %mF(o)s(m)
10 x10
e )0
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Chapter 18, Problem 24.

Given that F[ f ()] =(j /@)(e ' — 1), find the Fourier transforms of:
(@) x(t)y="f(t)+3

(b) y(®) =f(t—2)
(©h®)=1"(1)

ot (20)e 10 (3
(d) g(t)=4f (3tj+ 10f (3tj

Chapter 18, Solution 24.

(a) X(0)=F(o)+ F[3]
= 6m8(0)+ %(e‘j‘” —~ 1)

(b) y(t)=f(t-2)
Y(0)= e Flo)= je.

(c) If h(t) = f'(t)
H(o) = joF(0)= joL(c -1)= 1-¢
()]

d g(t)= 4f(§tj + IOf[gtj, G(w) = 4X%F[% mj + 10x%F@ o)j

ER EN
2 5
_ %(e—j&n/z _1)+%(e—j3m/5 _1)

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 18, Problem 25.

Obtain the inverse Fourier transform of the following signals.

B 5
@)=

o
() )=~
© X(@)= ——2

(jo-D(jo-2)

Chapter 18, Solution 25.
(a) g(t)=>5e"u(t)

(b) h(t)=6e"

©) X@="21B_ s-jo
s—1 s-2
Aziz_lo, B:izlo
1-2 2-1
X (@10, 10
Jo-1 Jw-2

X(t) = —10e'u(t) +10e’'u(t)
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Chapter 18, Problem 26.

Determine the inverse Fourier transforms of the following:

@ F(o)= =

1+ Jo

_ 1
OIH@)= s

©)G(w)=2u(w+1) —2u(w—-1)

Chapter 18, Solution 26.

@) f(t)=e Dy

(b) h(t)=te " u(t)

sin ®

(o) If x(t)=u(t+1)—u(t-1) —> X(w)=2

By using duality property,

2sint

G(w)=2u(o+1)-2u(w-1) —— g(t)= .
T
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Chapter 18, Problem 27.

Find the inverse Fourier transforms of the following functions:

@)FUDTZ}ZIE§Eﬁ§

(b) G(w) = (_J—wig(ijw)
() H(w) = PN j28w+1300
@ Y(@)- (ja)+51§(wj)a)+2)

Chapter 18, Solution 27.

100 A B :
Let F(s)=—F——==— =
(a) Let (S) s(s+10) s s+10° o
A=@=10,B:m=—10
10 -10
Flo) =~ ——=
Jjo  jo+10
f(ty = 5sgn(t)-10e™"u(t)
10s A B
®) (S) (2—5)(3+s) 2—s+s+3’ STe
A:§:4, B:_—30=—6
5 5
4 6

- —jo+2 jo+3
g(t) = 4de*u(—t)—6eu(t)
60 60
H(o) = -
©) Hlo) (jo)* +j400+1300  (jo+20)* +900
h(t) = 2e7* sin(30t)u(t)
1 = So)k™do

11
(d) y(t)_ﬂ—m (2+JQ))(J(D+1)_27T 2 £
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Chapter 18, Problem 28.

Find the inverse Fourier transforms of:

(a) 7o(w)
S+ jo)2+ jo)

105(w +2)
jo(jo+1)

205(w —1)

© 2y oG jo)

57z§(a))+ 5
5+ jo  jo5+ jo)
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Chapter 18, Solution 28.

@ f(H)= i [ F@)e™ do= 1 [ w3(w) "

21 (5+ jo)(2 + jo)
LU S
252 20
® : —j2t
) =[O g, 10 €T
21 jo(jo+1) 21 (=j2)(=j2 +1)
B £ e—th ~ (_2 + j)e_m
2nl-j2 2m
o0 _ jot it
©  ft)=— | 080-De™ (20 e
2n ' 2+ jo)(3+5mw) 21 2+ )3+ )
208" (A-je’
2n(5+5j) _ ®m
(d) Let Flo)= omo(®) 3 =F (0)+F, (o)

5+jo) jo(5+jw)

fl(t)zL mMej“‘dm:S—n-lzo,s
2n 5+ jo 21 5
FZ(S): > :é-i-i 5 A:l,B:—l
s(5+s) s s+5
1 1
F(0)=—--
Jo  jo+5

f2 (t) = %Sgn(t) - 675t = —% + u(t) _ eSt

f(t)=f,()+f,(t)= u(t)—e™"
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Chapter 18, Problem 29.

* Determine the inverse Fourier transforms of:

(@) F(w)=46(w +3)+ d(w)+456(w-3)
(b)G(w)=4u(w +2)-4u(w —2)
(c)H(w)=6cos2w

* An asterisk indicates a challenging problem.

Chapter 18, Solution 29.

(@ ft)y=F'[8(w)]+ F' [48(w +3) + 48(w - 3)]
1 4cos3t 1

=— = —(1+8cos3t)
2r T 2%
(b) If h(t)=u(t+2)—u(t—2)
H(o) = 2sin2m
Go)=4H(©)  —>  gH)= o
27 t
4sin 2t
gt) =
Tt

(©) Since
cos(at) mO(w+a)+ nd(w—a)
Using the reversal property,

21mcos2m <> mo(t+2) + wo(t —2)

or F1[6€0820]= 354 L 2y L 35t 2)

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 18, Problem 30.

For a linear system with input X(t) and output y(t) find the impulse response for the
following cases:

(@ x®=e"u(®), y®)=u®)-u(-1
(b)x)=eu®,  y®=e u)
(c) X(t) = & (b), y(t) =e ™™ sin btu(t)

Chapter 18, Solution 30.

@ yO=sg(t) — Y(@)=—, X@)=—-
jo a+jo
H(o)= @ _2@+10) 5 28 iy 2 28(6) + au(t) — u(=b)]
X(w) Jo Jo
1 1
(b) X(w) T Y(w)=—
+jo 2+jo
H(@) =110 1 s h(t)=8(t) —e 2tu(t)
2+ jo 2+ jo

(c) In this case, by definition, h(t)=  y(t) = e sin bt u(t)
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Chapter 18, Problem 31.

Given a linear system with output y(t) and impulse response h(t), find the corresponding

input x(t) for the following cases:
@)y =te ™ u®), ht)=eu®

(b)y® =ut+1)-ut-1), h®=25®

(©y®=eu®),  h(t)=sgn(t)

Chapter 18, Solution 31.

@  Y@-—— He=-—-
(a+jo) at+)jo
ROWE X _ ot
X(w) = H(w) = . > x(t)=e “u(t)
(b) By definition, x(t) =y(t)=u(t+1)—u(t-1)
©) Y(@)=——.,  H(@)=—
(a+jo) Jo
Yo jo 1 a

X(w)

T H@) 2@+jo) 2 2@+ jo)

s x(t) = %5(0 —%e_atu(t)
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Chapter 18, Problem 32.

* Determine the functions corresponding to the following Fourier transforms:

(a)Fl(w):L (b)Fz(w)=2e‘”"
- Jo+1
_ _ b(0)
©F (@) (1+ %)’ @F, (@) 1+ j2a

* An asterisk indicates a challenging problem.

Chapter 18, Solution 32.

—jo

(a) Since - e u(t-1)
jo+1
and F(- o) f=tr>
jo
F(0)= © £l e (-t -1)

—jo+1
fi(t) = e u(-t—1)

(b) From Section 17.3,

(d) By partial fractions

1 1 1 1
1 4 4 4 4
)= Gor P G0 GosiF * Gor) GoiF Jo-1

Hence f,(t)= %(‘[e’t +e ' +te' —e' )u(t)

- %(t + l)e'tu(t)+ %(t - l)et“(t)

1 = i 1= §(w)e™ 1
£(0)=——[" F(o)}™ do=— -1
@ L0)=5 [ Rlokdo=2f T Po  2n
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Chapter 18, Problem 33.

* Find f(1) if:
(a) F(w) =2sinzrofu(w +1)—u(w-1)]

b Fw)= l(sin2a) —sinw) + i(c:os 20 —cosm)
@ @

* An asterisk indicates a challenging problem.

Chapter 18, Solution 33.

(@)  Let x(t)=2sintfu(t+1)—u(t—1)]
From Problem 17.9(b),

X(o) = HTSInO

2 2
T —O®

Applying duality property,

p(t) = L x(-r)= 23

21 -t
ft) = ZZJsmz
t
(b) Flo)= i‘(cos 20— jsin 2m)— i.(cos o~ jsinw)
® ®
:i 20 ~ o _ efjm ~ equ)
co(e © ) jo jo

£(0)= L sanlt 1)+ st -2)

But sgn(t) =2u(t) -1
qo:ua_n_%_u@_n+%
= u(t-1)-u(t-2)
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Chapter 18, Problem 34.

H
ML

Determine the signal f(t) whose Fourier transform is shown in Fig. 18.38. (Hint: Use the
duality property.)

F(w)
20

10

Figure 18.38
For Prob. 18.34.
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Chapter 18, Solution 34.

First, we find G(w) for g(t) shown below.

The Fourier transform of each term gives

g(t)
A
— 20
10—
T 1 T 1 3
-2 -1 0 1 2
A
gt
108(t+2) 108(t+1)
O I N B B
-2 -1 0 1 2
-108(t-1) -1058(t-2)

joG(w)= IO(ej‘"2 —e 2 )+ IO(ej‘” —~ e’j“’)
=20jsin 20+ 20jsin ®

G((o)= 20sin 260 + 20sin© =40 sinc(2w) + 20 sinc(w)

Note that G(®) = G(-).
F(o) = 21G(- )

£(t)= %G(t)

= (20/m)sin¢(2t) + (10/m)sinc(t)
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Chapter 18, Problem 35.
A signal f(t) has Fourier transform

1
2+ jo

Flw)=

Determine the Fourier transform of the following signals:

(a) x(t) = f(3t - 1)

(b) y(t) = f(t) cos 5t
(©) 2(t) = %f(t)

(d) h(t) = f(D) * (V)
(e) i(t) =tf(t)

Chapter 18, Solution 35.

(a) x(t) = f[3(t-1/3)]. Using the scaling and time shifting properties,

X(w) = l—.l e 103 = —e_jm.B
32+jw/3 (6+ jo)
(b) Using the modulation property,
Y(w) = l[F((z) +5)+F(o-5)]= l ! + !
2 S22+ j(@+5) 2+ j(®=5)
(c) 2(w) = joF(e) =
+ ]
(@ Hi(e) = F@)F(@) = ——
(2+jw)
© 1) = - Fo) = -
© 2+jo)” (2+]jw)
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Chapter 18, Problem 36.

The transfer function of a circuit is

2

H =
(@) jJo+2

-4t

If the input signal to the circuit is v (t) = € u(t) V find the output signal. Assume all

initial conditions are zero.

Chapter 18, Solution 36.

Y@ \ _
H(a))—x(w) Y (@) = H (o)X (@)
xt=v,)=e"ut) — X(w)=—o

4+ o

Y@y-—— 2 -2 o
(Jo+2)4+ jo) (s+2)(s+4)

A B

YO Ta

2 |, B=—2 ___

-2+4 —4+2
1 1
o= e

y®) =(e —e™*)u()

Please note, the units are not known since the transfer function does not give
them. If the transfer function was a voltage gain then the units on y(t) would be
volts.
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Chapter 18, Problem 37.

Find the transfer function lo( @ )/l (@) for the circuit in Fig. 18.39.

{ i)
(1) 20 1H 40

Figure 18.39
For Prob. 18.37.

Chapter 18, Solution 37.

By current division,

2o
H(o) = Io(c)): 2+Jw _ 2o .
I (o) 4. P20 20+8+jdo
2+ jo
jo
H(o) =
(@) 4+ j3w
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Chapter 18, Problem 38.

Suppose Vv (t) = u(t) for t > 0. Determine i(t) in the circuit of Fig. 18.40, using the Fourier

transform.

Figure 18.40
For Prob. 18.38.

Chapter 18, Solution 38.

V. = 78(e) +——
Jow

(@) = —%= ! (7[5(&)) +l]

1+ja):1+ja)

Jo
Let 1(@)=1,(0)+ (@)=, 1
I+ o Jo(l+ jo)
| A B .
(@)= =" 5= o

jo(1+ jw) s s+l

where A:lzl’ B:i:—l
1 -1
1 -1 . 1 S
L (w)=—+- —> L(t)=—sgn(t)—e
Jo Jo+1 2
7o(@
| (@) = 222
I+ o
© . jot
il(t)zi Me"”tda):l € . :l
2r°> 1+ Jo 21+ jolow=0 2
Hence,

it =iMt)+i,()= %+%sgn(t) —e
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Chapter 18, Problem 39.

Given the circuit in Fig. 18.41, with its excitation, determine the Fourier transform of i(t).

v,()

1

(a)
1kQ

(b)

Figure 18.41
For Prob. 18.39.

Chapter 18, Solution 39.

2 : 1 1 1
V(@) = [(-te Mt =—+———e I
JoO (nz 0)2
—00
V., (o) 103 11 1
e
107 + jox10 10" + jo\J® o° o
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Chapter 18, Problem 40.

Determine the current i(t) in the circuit of Fig. 18.42(b), given the voltage source shown
in Fig. 18.42(a).

v(t) 2Q
| ¢ i)
v(t) 1F

(a) (b)

Figure 18.42
For Prob. 18.40.
Chapter 18, Solution 40.

(1) = 8(t) — 25(t — 1) + (- 2)
—0’ V(o) =1-2e7" + ¢/

—jo —jo2
V(m):1—2e ) ‘2|'e !
-
Now Z((n)=2+.i= 1+.J2w
Jo Jo
= V(o) _ 2 —e™ -1 jo
Z(w) o’ 1+ j2m
:;(0.5+0.5e"jmz —e"j"’)
j(o(O.5+j(o)
But o é+ B —> A=2,B=-2

s(s+0.5) - s s+0.5

I(o)= ,i(o.s +0.5¢" —¢ 1) 2

(0.5 +0.5¢ 7792 — e‘j"’)
Jo 0.5+ jo

i(t) = %sgn(t) + %sgn(t —2)—sgn(t—1)—e " u(t) —e " Pu(t—2) -2 Pu(t-1)
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Chapter 18, Problem 41.

Determine the Fourier transform of v(t) in the circuit shown in Fig. 18.43.

2Q

"
e2tu(H) vV v(t) == IF Eo.sH G 28(1) A

Figure 18.43
For Prob. 18.41.

Chapter 18, Solution 41.

2
WV
1 + L
- T 1/s 0.5s
24+ jo
vV
V- 1,
2+ jo

+j(oV+2,—V—2:O
jo

. 2 .
(jm—2w2+4)\/=j403+ J(D. = 4o -.1-1903
2+ jo 2+ jo
2jo(4.5+ j2m)

V(o) =
2+ jo)(4-20 + jo)
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Chapter 18, Problem 42.
Obtain the current iy(t) in the circuit of Fig. 18.44.

(a) Let i(t) = sgn(t) A.

(b) Let i(t) = 4[u(t) — u(t— D] A.

i) (4) 20 2w

Figure 18.44
For Prob. 18.42.
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Chapter 18, Solution 42.

By current division, I, = 2. (o)
2+jo
(a) For i(t) =5 sgn (1),
Io)=-
jo
[ = 2 10 _ 20
C 24jo jo  jo2+ jo)
Let I, = 20 =é B , A=10, B=-10
s(s+2) s s+2
10 10
I(0)=—~
jo 2+ jo

i(t) = Ssgn(t)—10eu(t)A

(b) RO, R{G!
4 45(t) A

[y

v
v

—43(t-1)
i'(t) = 45(t) — 48(t - 1)

jol(o)=4—4e"

I(o) = 4!1—.e—i‘” )

jo
Io=.ﬂl_e—_fm)=4(i— L j(l—ej‘”)
jo(2 + jo) jo 24+ jo

44 4e™r . 4e7 0
jo 24+jo jo 2+ ]jo

io(t) = 2sgn(t)—2sgn(t —1)—4e *u(t) + 4e > u(t - 1)A

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 18, Problem 43.

Find Vvo(t) in the circuit of Fig. 18.45, where i, = 5e " u(t) A.

L

40Q i 20 mF =

Figure 18.45
For Prob. 18.43.

Chapter 18, Solution 43.

20 mF , 1 20 ig=5¢" — 1

joC  20x10 3 jo

S=1+jc)

40 50 250

V = I o — — , Sz.()\)
T 0230 e (s D +1.25) !
joO
A B 1 1
VO:—+—21000{———}
s+1 s+1.25 s+1 s+1.25

vy (1) =1000(e 1t —e 2 () v
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Chapter 18, Problem 44.

If the rectangular pulse in Fig. 18.46(a) is applied to the circuit in Fig. 18.46(b), find v, at
t=1s.

ve(1) 4

10 2Q

(a) (b
Figure 18.46
For Prob. 18.44.

Chapter 18, Solution 44.

IH— jo
We transform the voltage source to a current source as shown in Fig. (a) and then
combine the two parallel 2Q) resistors, as shown in Fig. (b).

I, Lo
V2 V2
Dz =7 D
<> jo < jo
V. V.
(a) (b)
22=10, 1, = LY
I+ jo
V, =jol, :—JO)YS
2(1+ jo)
V(1) =1038(t)—108(t - 2)
joV, (0)=10-10e™*
-j2m
VS(O\))ZIO!I_.GJ )
j®
5(1 — eszm) 5 5 20

Hence V, = e

I+jo :1+jco_1+jco
v, (t)=5e"u(t) - 5" Pu(t-2)
vo()=5¢"1-0=1.839V
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Chapter 18, Problem 45.
Use the Fourier transform to find i(t) in the circuit of Fig. 18.47 if v (t) = 10e ' u(t).

20 !

Figure 18.47
For Prob. 18.45.
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Chapter 18, Solution 45.

We may convert the voltage source to a current source as shown below.

¥ S 1H

Ve/2 2Q 2Q

Combining the two 2-Q resistors gives 1 Q. The circuit now becomes that
shown below.

I
 —

S IH
ve/2 1Q
g 15 s g,

I+jo 2 1+jow 2+ jo (S+1)(s+2)
A B
=t
S+1 s+2
where A=5/1=5 B=5/-1=-5
o> 5
s+1 s+2

i(t) =5 —e)u(t) A
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Chapter 18, Problem 46.

Determine the Fourier transform of iy(t) in the circuit of Fig. 18.48.

eu(f) é

Figure 18.48
For Prob. 18.46.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 18, Solution 46.

1 1 - j4
_F R
.wl
! 4
2H — jo2
38(t) —» 3
etu() —> -
I+ jo
The circuit in the frequency domain is shown below:
20
MA—>
Lo(w)
Y
T~ —i4o

At node V,, KCL gives

Ly
1+ jo 3-V, V,
+——2=
2 -1 20
9V + jo3— jov, =32
I+ jo ®
™ + jo3
v, =2
2+j(o—J—
®
2+ jo3 -3’
v —
Io(co): '20 _ 1+ jo -
J20 j20)(2+j03—Jj
(O}
e 2 2
I() = 2+ jo” —3m

4-60" + j8o—2m°)
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Chapter 18, Problem 47.

Find the voltage Vo(t) in the circuit of Fig. 18.49. Let i (t) = 8e " u(t) A.

+

=
Q

Figure 18.49
For Prob. 18.47.

Chapter 18, Solution 47.

1 1 2
—F _ S ——=—
2 joC o
1
IO :—2IS
I+ —
Jo
2
Vo:.ilo: JO)Z Is:2 2. 1 8.
jo 142 +jol+jo
Jo
16

= ,5s=jO
(s+D)(s+2)

A B

=4 —

S+1 s+2
where A=16/1=16, B=16/(-1)=-16

Thus,
Vo(t) = 16(e™ — e *Yu(t) V.
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Chapter 18, Problem 48.
Find io(t) in the op amp circuit of Fig. 18.50.

20 uF

20 kQ r{
} 720)

2eu(®) vV e 20 kQ

=

Figure 18.50
For Prob. 18.48.

Chapter 18, Solution 48.
1 15

02F —» ——=——
joC 0

As an integrator,

RC=20x10°x20x10° =04

. :—L v.dt
RC %
1
=——| -+ 1V, (0)5
] v 0900)|
1 2
=—— | —————+nd
0.4L'oa(2+jco)+7t (C‘))}
I, = Vo mA = —0.125 #ms(m)
20 jo(2+ jo)
__0.125 0125 ~0.12575(0)
jo 24 jo
: a0 0.125 o
i, (t) =—0.125sgn(t) +0.125¢ *'u(t) - 5 jné‘)(co)e“” dt
s

~ 0,125+ 0.25u(t) + 0.125¢u(t) — 2> 1225

io(t) = 0.625—0.25u(t) + 0.125¢ *'u(t)mA
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Chapter 18, Problem 49.

Use the Fourier transform method to obtain V(1) in the circuit of Fig. 18.51.

o

2H 1H
costV 2Q 1Q Vo

Figure 18.51
For Prob. 18.49.

Chapter 18, Solution 49.

Consider the circuit shown below:
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V., =n[6(0)+1)+6(0)—2)]
For mesh 1, =V, + (2 + j20)I, - 21, — joI, =0
V, =2(1+jo)I, - (2 + jo)I, (1)

Formesh2, 0=(3+jo), -2I, —jol,
(B+o)l,

b= 2+ o)

)

Substituting (2) into (1) gives

2(1+ jo)(3+ jo)I
2+jo
V.(2+0)= 20+ jdo-0’)-(4+ jdo-o? I,
:12(2+j40)—032)
(s+2)Vv,

2:— =
s> +4s+2°

V, =2

S

2 (2 + j(’))Iz

(jo+2)n[d(w+1)+8(w—1)]
(jo) +jod+2

Vo= j v, (0™ do

= +
L" (Jo;)) +jod+2 (jo))2 +jod+2
;Gq+2kﬁ+;ﬁ+2kﬁ
—-1-j4+2 —1+j4+2
1 . : 1 : it
S@=i)i+j4)  2-j)-j4)

t) = e +
Vo () 17 17

1
6+ j7)e" 7)e"
34( 7k’ + ( ~i7)e
=0271e™ ”364>+0271e<”364>
Vo(t) = 0.542 cos(t —13.64°)V

V, =1, =

o

(J(0+ 2)e' 8 (w+1)do ;(j(o—i- 2)e 8(w—1)de
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Chapter 18, Problem 50.

Determine Vy(t) in the transformer circuit of Fig. 18.52.

05H
2y

° +
26(1) 1H 1H 1Q Yo

Figure 18.52
For Prob. 18.50.
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Chapter 18, Solution 50.
Consider the circuit shown below:

j0.50
1Q
MA
[ J
O()Leg( s =
- i LY :
A Q)
V.
For loop 1,
—2+(1+jo)l, +j0.50I, =0 (1)
For loop 2,
(1+ jo)l, +j0.5wl, =0 )
From (2),

1

(l + jc‘))Iz ) (1 + j(’))Iz
-j0.5m jo
Substituting this into (1),
”_ —2(1+ jo)I, L

2

Jjo
. . 3,
2jo=— 4+_]40)—E(0 I,
2jo
I2: . 2
4+ j40-1.50
VOZIZZ . _2-]0) . 2
4+ j4o+1.5(jo)
BT
3
V =
% oy
3 3
—4[j+jmj 16

] (5] ol 5]

V8 V8

V,(t) = —4e™*" cos(T t} u(t)+5.657¢*"? sin(TtJu(t)V
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Chapter 18, Problem 51.

Find the energy dissipated by the resistor in the circuit of Fig. 18.53.
20

10e~u(t)V 1H

Figure 18.53
For Prob. 18.51.

Chapter 18, Solution 51.

In the frequency domain, the voltage across the 2-Q resistor is

V(w) = 2_ V= 2_ Dlo_ = 20 , S=jo
2+ jo 2+ jo 1+ Jo  (s+1)(s+2)
V(s)=i+i
S+1 s+2

A=20/1=20, B=20/-1=-20

V(@)= _20 B _20
Jo+1 Jo+2

v(t) =(20e™ —20e ™ Ju(t)

W= ["V2(dt = 0.5 400(e2 4 o4t _3e3t
270
0

-2t —4t -3t
_g00 & 48 2 ~16.667 J.
0

—2 -4 -3
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Chapter 18, Problem 52.

For F(@)= —— find J = [ 2@t
3+ jo —®

Chapter 18, Solution 52.

© 1 o
J = 2j0 fz(t)dt=;J-O F(0)| do

o0

1= 1 1 1«
= — do=—tan"(0/3)] =—= = (1/6)
TCJ.O 9’ + o’ 3n ( )0
Chapter 18, Problem 53.
itfy =e ', findd= [ |F(@) do.
Chapter 18, Solution 53.
I f(t) = ™", find J = [ |F (o) do.
_ o0 2 _ 0 2
J = j_w|F(m)| dm_znj_wf (t)dt
(o) - e’, t<0
e, t>0
0 00
4t 4t
0 4t © 4t c | ¢ |
= = = + ==
J 27:“_006 de+ [ e dt} 2m = | +— I 2n{(1/4) +(1/4)] = z

Chapter 18, Problem 54.

Given the signal f(t) = 4e ' u(t) what is the total energy in f(t)?

Chapter 18, Solution 54.

o0

=]
G

Wiq = j:fz(t)dt:16J:e’2tdt:—86’2‘

0
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Chapter 18, Problem 55.
Let f(t) = 5e " u(t) and use it to find the total energy in f(t).

Chapter 18, Solution 55.
f(t) = 5e’e 'u(t)

F(o) = 5¢*/(1 +jw), [F(o) = 25¢*/(1 + o)

~do = tan~' (w)
b I+ T

1 2 25¢* = 1 25¢*
Wiq = ;.[0 |F(0))| do = .[0

= 12.5¢* = 682.5J

or Wi = j £2 (t)dt—zsej e 'dt = 12.5¢* = 682.5J

Chapter 18, Problem 56.

The voltage across a 1-Q resistor is V(t) = te ' u(t) V. (a) What is the total energy
absorbed by the resistor? (b) What fraction of this energy absorbed is in the frequency
band -2 < w <27

Chapter 18, Solution 56.
2
a) W= |V*(tdt=[t’e™dt= 16t +8t+2)| =—=0.0313]
(a) j (®) j = )( ) —0.0313)

(b) In the frequency domaln,

1
V(w)=——
(@) 2+ jow)
2 * 1
V(@) ['=V (o (60)=—.2
(4 +Jw)
=—||V(w da)——
j|(>| Jm+w)
I 1 ? 1 1
=2 405tan'(0.50)| =—+— =0.0256
n2x4\ 2 + 4 0 32n 64
Fraction W, = 0.0256 =81.79%
W 0.0313
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Chapter 18, Problem 57.

Let i(t) = 2e' u(-t)A. Find the total energy carried by i(t) and the percentage of the 1-Q
energy in the frequency range of -5 < @ <5 rad/s.

Chapter 18, Solution 57.

=2

0

Wia = [ i (0dt = [ de™dr = 2™

or  I(0) = 2/(1-jw), [(o) = 4/(1+c)

Wi = ir’ |I(03)|2doo=i o . do=2tan () =2
2w o= 2n(1+w°) I o T2

Il
™
e~

In the frequency range, -5 < <5,

5

W = itan*1 o

:itan’l(S):i(l.373) = 1.7487
T T T

0

W/ Wiq = 1.7487/2 = 0.8743 or 87.43%

Chapter 18, Problem 58.

A

An AM signal is specified by

f(t) = 10(1 + 4 cos 200 zt)cosz x10*t
Determine the following:

(a) the carrier frequency,
(b) the lower sideband frequency,
(c) the upper sideband frequency.

Chapter 18, Solution 58.
Oy = 200t = 2xnf,, whichleadsto f, = 100 Hz
(@) o, = nx10" = 2nf, whichleadsto f, = 10*2 = 5kHz
(b) Isb = f.—f,, = 5,000 -100 = 4,900 Hz

(c) usb = f. +f, = 5,000+ 100 = 5,100 Hz
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Chapter 18, Problem 59.

For the linear system in Fig. 18.54, when the input voltage is v, (t) = 25 (1) V, the output
is v, (t)=10e ™ —6e V. Find the output when the input is v, (t) = 4e " u(t) V.

h(t)

N J— 0

Figure 18.54
For Prob. 18.9.

Chapter 18, Solution 59.

10 6
Vo(@)  2+jo 4+jo 5 3
V(o) 2 2+jo 4+ jo

H(w) =

Vo<m)=H<co>vi<m)=( > 2 J A

2+j03_4+j(0 I+ jo
_ 20 ~ 12
(s+D)(s+2) (+D)is+4)

S=jm

Using partial fraction,

A B C D 16 20 4
+ + +

Vo((n)= + = - 5 )
s+1 s+2 s+1 s+4 1+jo 2+jo 4+jo

Thus,

Vo (1) = (16e_t —20e 72t 4 4e7H )u(t)V
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Chapter 18, Problem 60.
ed

A band-limited signal has the following Fourier series representation:
i,()=10+8cos(2zt+ 30°) + 5 cos(47t—150°)mA
If the signal is applied to the circuit in Fig. 18.55, find v(t).

2Q

is(f) IF —— 1H = v()

Figure 18.55
For Prob. 18.60.
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Chapter 18, Solution 60.

2
A
lVjo= jo 87
v
1
V= el jo B Jolg
ST 1wl
—+2+jo 1TO T)O
Jo

Since the voltage appears across the inductor, thereis no DC component.

vo__2mL90°8 _ 5027290° .o g
D Can? e 3848+ 12566 '

Vo o AmZO0°S  6283290° ol a0
2 ll6nttjsn 15691+ 2513 '

v(t) = 1.2418 cos(2mt — 41.92°) + 0.3954 cos(4nt +129.1°) mV
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Chapter 18, Problem 61.

In a system, the input signal X(t) is amplitude-modulated by m(t) =2 + cos@w ,t. The
response Y(t) = m(t)x(t). Find Y( @) in terms of X( @ ).

Chapter 18, Solution 61.
y(t) =(2+cosm,t)X(t)
We apply the Fourier Transform

Y(®) = 2X(m) + 0.5X(0+m,) + 0.5X(0—0),).

Chapter 18, Problem 62.

A voice signal occupying the frequency band of 0.4 to 3.5 kHz is used to amplitude-
modulate a 10-MHz carrier. Determine the range of frequencies for the lower and upper
sidebands.

Chapter 18, Solution 62.
For the lower sideband, the frequencies range from

10,000,000 — 3,500 Hz = 9,996,500 Hz to
10,000,000 — 400 Hz =9,999.600 Hz

For the upper sideband, the frequencies range from
10,000,000 + 400 Hz = 10,000,400 Hz to

10,000,000 + 3,500 Hz = 10,003,500 Hz
Chapter 18, Problem 63.

ed

For a given locality, calculate the number of stations allowable in the AM broadcasting
band (540 to 1600 kHz) without interference with one another.

Chapter 18, Solution 63.
Since f, =5 kHz, 2f, = 10 kHz
i.e. the stations must be spaced 10 kHz apart to avoid interference.
Af = 1600 — 540 = 1060 kHz

The number of stations = Af/10 kHz = 106 stations
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Chapter 18, Problem 64.

ed

Repeat the previous problem for the FM broadcasting band (88 to 108 MHz), assuming
that the carrier frequencies are spaced 200 kHz apart.

Chapter 18, Solution 64.
Af = 108 — 88 MHz = 20 MHz

The number of stations = 20 MHz/0.2 MHz = 100 stations

Chapter 18, Problem 65.

eud

The highest-frequency component of a voice signal is 3.4 kHz. What is the Nyquist rate
of the sampler of the voice signal?

Chapter 18, Solution 65.
o = 3.4kHz

fy = 20 = 6.8 kHz

Chapter 18, Problem 66.

eud
A TV signal is band-limited to 4.5 MHz. If samples are to be reconstructed at a distant

point, what is the maximum sampling interval allowable?
Chapter 18, Solution 66.

o = 4.5MHz

f. = 20 = 9 MHz

T, = 1/f, = 1/(9x10°) = 1.11x10" = 111 ns
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Chapter 18, Problem 67.

* Given a signal g(t) = sinc(200 7 t) find the Nyquist rate and the Nyquist interval for the
signal.

* An asterisk indicates a challenging problem.

Chapter 18, Solution 67.

We first find the Fourier transform of g(t). We use the results of Example 17.2 in
conjunction with the duality property. Let Arect(t) be a rectangular pulse of height A and

width T as shown below.

Arect(t) transforms to Atsinc(w?/2)

Af(t) F(w)

_T2 T2 |
G(®)

re

According to the duality property,
Atsinc(tt/2) becomes 2mArect(t)
g(t) = sinc(200nt) becomes 2mArect(t)
where At = 1 and 1/2 = 200 or T = 400%
i.e. the upper frequency o, = 400n = 2xnf, or f, = 200 Hz
The Nyquist rate = f; = 200 Hz

The Nyquist interval = 1/f; = 1/200 = 5 ms
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Chapter 18, Problem 68.

The voltage signal at the input of a filter is v(t) = 50e 2y What percentage of the total 1-
Q) energy content lies in the frequency range of 1 < @ < 5 rad/s?

Chapter 18, Solution 68.

The total energy is

T = f;vz(t)dt

Since v(t) is an even function,

4t |
Wy = jo 2500 *dt = 5000 = 12507
Tl
V(o) = 50x4/(4 + &)
1 ¢s 200
W= L v dw= [ 20
2 L4+’ )
1 1 X 1
But dx = +—tan'(x/a) |+C
J.(aerxz)z 2a’ L{z+a2 a ( )}
2x10% 1 | ’
w= 2 —{ ©_ +—tan1(0)/2)}
n 8|4+wm 2 1

= (2500/m0)[(5/29) + 0.5tan'(5/2) — (1/5) — 0.5tan '(1/2) = 267.19

W/Wr = 267.19/1250 = 0.2137 or 21.37%
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Chapter 18, Problem 69.

A signal with Fourier transform

20
4+ jo

F(w)=

is passed through a filter whose cutoff frequency is 2 rad/s (i.e., 0 < w < 2). What fraction
of the energy in the input signal is contained in the output signal?

Chapter 18, Solution 69.

The total energy is

Lo 1 400
Wi = Sl Fefdo= ] e

- @[(1/4)tan-‘(m/4)]°° _10m _ 5,
T 0 T 2

400

— L PR de = 220
W= [ F(@)[ do= o

[a/4)tan" (@/4)]

[100/(2m)]tan'(2) = (50/m)(1.107) = 17.6187

W/Wr = 17.6187/50 = 0.3524 or 35.24%
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